lowing primary infection with infectious bronchitis virus, New castle disease, or Mycoplasma gallisepticemia (Gross, 1991) . The most common syndrome being colibacillosis, which is characterized by air sacculitis, pericarditis, perihepatitis, and septicemia. Colisepticemia probably develops after an opportunistic primary infection of the upper respiratory tract and subsequently spreads to the lower respiratory tract (Doho and Lafont, 1982) . The coliform bacteria are present in litter, feces, and dust at levels as high as a 10 6 colony-forming unit (cfu) of E. coli per gram (Maurer et al., 1997) . Through the bird's inhalation of the contaminated dust particles, the respiratory tract becomes colonized by E. coli. The pathogenesis of mucosal infection includes the attachment of E. coli to host epithelial cells via bacterial pili. Thus piliated organisms are able to form mechanically stable bonds, whereas their nonpiliated counterparts tend to form only loose transient bonds.
Most pathogenic strains of E. coli isolated from cases of colisepticemia in chickens and turkeys bear pili that facilitate in vitro and in vivo adherence of bacteria to a variety of cell types that include macrophages and endothelial and epithelial cells (Hulgren et al., 1993 (Hulgren et al., , 1996 Naveh et al., 1984; Yerushalmi et al., 1990) . Generally, bacterial adhesion consists of a two-step process. As a first step, the bacteria non-specifically and transiently adsorb in a loose association with the epithelial cell; this association then allows organisms that have specific adhesions on their surfaces to bind to complementary receptors on the cell membrane in a highly specific lock-and-key or induced-fit interaction (Abraham and Beachey, 1985) . Gyimah and Panigrahy (1987) found that pathogenic E. coli bind to specific carbohydrate receptors on epithelial cell membranes, and the binding of E. coli serotype O78 is mediated by mannose-specific pili present on the surface of the bacteria. The maintenance of animals in a state of good health and efficient production diseases depends on various factors. The most important are combating and eliminating disease-producing agents present in the environment. The disinfection of commercial poultry housing is a most-important measure in the environmental management of the disease taken to break the cycles of infectious diseases among animals (Linton et al., 1987) . Control measures against E. coli also depend on prophylactic measures, improving the standard of hygiene and the use of therapeutic agents (antibiotics), as well as vaccination against some respiratory viruses. But the extensive use of antibiotics leads to the increasing incidence of antibiotic-resistant strains either by mutation or by the acquisition of genetic material (via a plasmid). General mechanisms have been considered by Heinzel (1988) and Russell and Chopra (1996) .
In the present work, the activity of disinfectants was studied in vitro under clean conditions against four E. coli serotypes. The timing of disinfectant addition and the relationship between an effective concentration and the duration of exposure to these disinfectants were also evaluated. The influence of formalin, TH4ϩ, and Virkon-S on the morphology of E. coli serotype O55:K39 and its adhesion to one-day-old tracheal explants with or without disinfectant treatment was also investigated.
Materials and Methods
Escherichia coli isolates. Enteropathogenic strains of E. coli were isolated from broiler chicken with symptoms of chronic respiratory disease lesions (pericarditis, perihepatitis, and air sacculitis) from poultry farms in Behera Governorate, Egypt. The isolated strains were then purified and identified as O86, O86:K60, O114:KϪ, and O55:K39 serotypes by using serological typing, antibiotic sensitivity assays, haemolysin test, and in vivo and in vitro pathogenicity testing (Sahaly, 1995) . Semisolid agar (0.4%) medium was used for the preservation of E. coli serotypes at 5°C until use.
Disinfectants. Formalin is an aqueous solution (28%) and was purchased from Chemica, Egypt. It was diluted with sterile distilled water to obtain a formalin concentration range of 0.03-5%. TH4ϩ is a hydrophilic biocide (glutaraldehyde) activated by a specific blend of four different lipophilic quaternary ammonium biocides (Sogeval Laboratories, Laval Cedex, France). It was diluted with sterile distilled water to obtain a series of TH4ϩ concentrations (0.007-0.5%). Virkon-S is a balanced, stabilized blend of peroxygen compounds, surfactant, organic acids, and an inorganic buffer system containing approximately 10% available oxygen (Antec International Ltd., Sudbury, UK). The disinfectant was freshly prepared and diluted in sterile distilled water immediately before use to obtain Virkon-S concentrations of 0.03-1%.
Media and culture conditions. Nutrient broth (Difco Laboratories, Detroit, MI, USA) medium was used as growth medium for E. coli. This medium contained the following ingredients (g/L): Lab-lemco powder, 1.0; yeast extract, 2.0; peptone, 5.0; NaCl, 5.0; distilled water, 1 L. The medium pH was adjusted at 7.4Ϯ0.2 (at room temperature) and sterilized by autoclaving at 121°C, 1.5 atm for 15 min.
The effect of the disinfectant (formalin, TH4ϩ, and Virkon-S) concentrations and the duration of exposure to these disinfectants on the survival of E. coli serotypes O114:KϪ, O86, O86:K60, and O55:K39 was investigated according to Beloian (1990) . E. coli serotypes were individually inoculated (1.8ϫ10 8 cfu/ml) into nutrient broth and incubated at 37°C for 24 h. Each 5 ml of disinfectant preparation was inoculated with 0.5 ml of 24-h seed culture of E. coli serotypes. Inoculated tubes were constantly shaken in a water bath at 18-20°C and removed at time intervals of 5, 10, 15, 60, and 360 min. One loopful of this culture was subcultured into 5 ml of nutrient broth for each serotype. All the subcultured tubes were incubated at 37°C for 48-72 h, and the results were recorded (ϩve for growth or Ϫve for no growth). The effect of the disinfectants on the growth of E. coli serotypes was evaluated by adding the disinfectant together with the inoculum or at the beginning of the logarithmic phase (after 2 h). The growth of the four serotypes was monitored by using the optical density at 540 nm. A comparison of optical density measurements after treatment of the four serotypes with the disinfectants to the control and conversion to a colony-forming unit per ml by using the standard calibration curve enabled calculation of % inhibition. Care was taken to choose the concentration that allowed growth for at least 10 h. Nutrient broth was prepared and distributed into 250 ml Erlenmeyer flasks (each contained 100 ml). The flasks were autoclaved at 121°C, 1.5 atm, for 15 min. Each flask was inoculated with 1 ml bacterial suspension (10 6 cfu/ml) of E. coli. In the log phase addition, care was taken to grow cells in the culture medium first for 2 h, and from this culture, an inoculum (exponentially growing) containing the same number of colony-forming units (10 6 cfu) was added to the fresh culture medium (100 ml) immediately before addition of the disinfectant. This procedure was repeated for each of the E. coli serotypes. The disinfectant was added to make a final concentration of 0.03% for both formalin and Virkon-S and 0.007% for TH4ϩ. The flasks were incubated at 37°C for 12 h, and samples (2 ml portion) were taken at 0-h and 2-h intervals. Samples were measured spectrophotometrically at an optical density of 540 nm, using a UV/VIS 4B Spectrophotometer (Perkin Elmer, Norwalk, CT, USA). Trypticase soya broth (Difco) medium was used for the promotion of pili production by E. coli serotype O55:K39. This serotype was selected for the adhesion experiment, since it represented about 70% of the total serotypes isolated from the poultry farm. Furthermore, it recorded the lowest inhibitory percentage among all isolated serotypes. Trypticase soya broth contained the following ingredients: Bacto trypton F casein, 17 g; Bacto soyatone (soya bean peptone), 3 g; Bacto dextrose, 2.5 g; sodium chloride, 5 g; dipotassium phosphate, 2.5 g; distilled water, 1 L. A loopful of E. coli serotype O55:K39 was inoculated into 250 ml Erlenmeyer flasks; each contained 50 ml trypticase soya broth and was incubated at 37°C for 20 h to obtain a seed culture. One milliliter (2ϫ10 4 ) of this culture was transferred into each Erlenmeyer flask (250 ml), which contained 50 ml trypticase soya broth. The flasks were incubated for 2 h at 37°C, and the disinfectants were then individually added. The flasks were incubated at 37°C for 10 min for TH4ϩ (0.03%), 15 min for formalin (0.15%) and Virkon-S (0.25%), 60 min for formalin (0.07%) and Virkon-S (0.125%), 120 min for TH4ϩ (0.015%), and 360 min for formalin (0.03%), TH4ϩ (0.007%), and Virkon-S (0.03%). Control flasks (without disinfectant) were incubated for 360 min at 37°C. The experiment was carried out in triplicate and repeated twice.
Electron microscopy. Transmission electron microscope (TEM) preparation: Treated and untreated E. coli serotype O55:K39 was examined for pili, using transmission electron microscopy. Bacteria from cultures grown in trypticase soya broth were centrifuged at 4,000 rpm for 15 min at room temperature. The bacteria were washed with filtered (0.22 mm) deionized distilled water, recentrifuged as above, and resuspended to a tenth of the original volume in deionized distilled water. The bacteria were negatively stained (Hayat and Miller, 1990, modified) by using equal volumes of the bacterial suspension and 1.5% phosphotungstic acid solution containing 2% sucrose (pH 7.0). The mixture was applied to a 200-mesh Formvarcoated copper grid. Excess fluid was removed from the grids with filter paper (Whatman No. 1), and the grids were air-dried. The bacterial preparations were examined with a JEOL JSM-100CX transmission electron microscope.
Scanning electron microscope (SEM) preparation:
Adherence of E. coli O55:K39 serotype Tracheal organs from day-old chickens were used to study the in vitro adherence of whole cell preparations of E. coli serotype O55:K39. The poultry originated from a specific-pathogen free flock (Jackwood and Saif, 1986) . The anterior half of each trachea was cut into 1 cm lengths and washed in a sterile phosphate buffer saline (pH 7.4). To test for adherence, the lumen of each tracheal explant was filled with a suspension of the treated or untreated E. coli serotype O55:K39 by using 10-fold serial dilutions containing from 1ϫ10 9 to 1ϫ10 4 cfu/ml. Additional tracheal explants were filled with untreated serotype and used as control. Inoculated tracheal explants were incubated at 37°C for 30 min, then vigorously washed three times by flushing a total of 9 ml of phosphate buffer saline through each explant to dislodge nonadherent bacteria. Tracheal explants were immediately fixed overnight in 4% (v/v) glutaraldehyde. The explants were then transferred through gradient concentrations of ethanol (70, 80, 90, and 95%) and kept for 2-5 min in each concentration to ensure a complete dehydration of explants. The latter were placed on aluminum scanning electron microscope stubs and dried in a Samdri PVF 3B drier (Tousimis Research Corp., MA, USA). Specimens were then gold-coated in a low-pressure argon atmosphere using a JEOL JFC-1100E Ion Sputtering Device. Specimen examination was carried out in a JEOL JSM-5300 scanning electron microscope (JEOL Technics Ltd., Tokyo, Japan) with a beam angle of 45°, accelerating voltages of 20-25 kV, and a working distance of 11-12 mm.
Results
The results obtained in Table 1 after exposure of the four serotypes to various formalin concentrations showed that this agent at a concentration above 0.6% killed all E. coli serotypes within 5 min, whereas the use of formalin at a concentration of 0.3% required 5 min to kill O55:K39, 10 min to kill O114:KϪ and O86, and 15 min to kill O86:K60. It was also found that formalin at a concentration of 0.15% required 15 min to kill O114:KϪ, but it needed 60 min to kill O86, O55:K39, and O86:K60 serotypes. At a concentration of 0.07% formalin, it killed O114:KϪ and O86:K60 in 360 min, but the same concentration needed 120 min to kill O55:K39 and O86. However, a formalin concentration of 0.03% failed to kill E. coli serotypes O86, O114:KϪ, O86:K60, and O55:K39 within 360 min. 
ϩ ϩ ϩ ϩ ϩ ϩ ϩ: Growth; Ϫ: no growth.
360 min to kill O114:KϪ and O55:K39 and 120 min to kill O86 and O86:K60. At 0.007%, TH4ϩ failed to kill any of the serotypes used within 360 min. The results obtained (Table 3) for Virkon-S showed that this disinfectant at a concentration of 0.5% killed all E. coli serotypes within 5 min. Virkon-S at a concentration of 0.25% required 15 min to kill O114:KϪ, 60 min to kill O55:K39, and 120 min to kill O86 and O86:K60. Virkon-S at a concentration of 0.125% required 120 min to kill O86 and O55:K39 and 360 min to kill O86:K60 and O114:KϪ. At a concentration of 0.06%, Virkon-S required 360 min to kill O86, O114:KϪ, O86:K60, and O55:K39. Virkon-S at a concentration of 0.03% failed to kill E. coli serotypes within 360 min.
Little improvement in the inhibitory effect of formalin at a concentration of 0.03% was achieved when added before bacterial growth instead of an established population. For zero time addition, inhibition at 10 h (90.3%) was much greater than after 10 h (84.87%) addition of formalin to log phase O86 cells. The same finding was recorded for the serotype O114:KϪ. The maximum inhibition % for O86:K60 serotype occurred after 12 h (90.66%) of incubation, and there was no great difference between zero time and log phase addition. Serotype O55:K39 recorded the lowest inhibition percentage among the four serotypes throughout the 12 h. The maximum inhibition occurred after 2 h (73%) for both zero time addition and log phase addi- 
ϩ ϩ ϩ ϩ ϩ ϩ ϩ: Growth; Ϫ: no growth. 
The inhibitory effect of 0.007% TH4ϩ was much greater when added before bacterial growth instead of an established population for O86, O86:K60, and O55:K39 E. coli serotypes. For zero time addition, inhibition at 10 h (87.52%) was much greater than after 10 h addition (73.67%) of TH4ϩ to log phase O86 serotype cells. The maximum inhibition percentage for O114:KϪ serotype occurred after 10 h (75%) of incubation. Serotype O114:KϪ recorded the lowest inhibition percentage when TH4ϩ was added to log phase cells. The addition of TH4ϩ together with the inoculum of O55:K39 resulted in 75% steady inhibition throughout the experiment, whereas the log phase addition resulted in the maximum inhibition percentage (79.45%) after 4 h of addition.
The inhibitory effect of Virkon-S at 0.03% was greater when added before bacterial growth than during the log phase of cells. For zero time addition to O86 culture, inhibition at 10 h (80.42%) was much greater than after 10 h (70.34%) addition of Virkon-S to a log phase population. The maximum % inhibition for O114:KϪ and O86:K60 serotypes occurred after 12 h of incubation for zero time addition (18.17 and 84.27%, respectively). Serotype O55:K39 recorded the lowest inhibition percentage among four serotypes, and the maximum inhibition (70.6%) of Virkon-S occurred after 2 h of addition when the disinfectant was added at zero time. 
Electron microscopy Cell morphology
The influence of formalin on the cell morphology of E. coli serotype O55:K39 was investigated by using transmission electron microscopy. At 0.03, 0.07, 0.15, and 0.3% formalin concentrations, E. coli serotype O55:K39 cells exhibited normal morphology; i.e., cell shape, size, and surface structure apparently are unaffected by this agent. At 0.03% formalin concentration (incubated for 360 min) the cells displayed the same characteristics as control (Fig. 1a) , with but one exception: The treated cell was less fimbriated (Fig. 1b) . Formalin concentration (0.07%) showed more destruction for the pili (Fig. 1c) when incubated for 60 min. Doubling the concentration (0.15%) resulted in much less pili on the cell surface (Fig. 1d) after 10 min of incubation. Further doubling (0.3%) confirmed the same finding when incubated for 5 min at 37°C (Fig. 1e) .
E. coli O55:K39 serotype cells treated with TH4ϩ underwent marked morphological alterations. This agent at 0.03% concentration showed destruction of the cell wall and cell surface membrane (arrow) when treated for 5 min at 37°C, but some pili were still attached to the cell (Fig. 2a) . When E. coli O55:K39 cells were treated with 0.015% TH4ϩ concentration for 5 min, cell swallowing (arrow) was also noticed (Fig.   2001 Activity of formalin, TH4ϩ, and Virkon-S 69 2b). Incubation for 10 min resulted in the cell filamentation (Fig. 2c) . The filament length increased when the exposure time to this concentration increased for 60 min to give an extensive filamentation (Fig. 2d) . It was interesting to note that at 0.007% concentration, as the exposure time increased to 360 min, cell elongation began to occur (Fig. 2e) .
Negatively stained E. coli O55:K39 serotype treated with 0.03% Virkon-S concentration showed that cells exposed for 60 min had no great changes (Fig. 3a) compared with control, except for the pili attached to cells, which showed less frequency compared with control. Increasing the exposure time sixfold (360 min) resulted in a decrease in the cell size (Fig. 3b) . Spheroplasts were observed when the cells were treated with 0.125% Virkon-S for 60 min (Fig. 3c) . Cell lysis (arrow) started to occur when 0.25% Virkon-S concentration was applied to E. coli O55:K39 serotype cells for 15 min (Fig. 3d) .
Adherence of E. coli O55:K39 serotype Tracheal organ cultures from day-old chickens were used to study the in vitro adherence of the whole cell preparation of E. coli serotype O55:K39 by use of scanning electron microscopy. The tracheal organs treated with 0.03% Virkon-S or 0.007% TH4ϩ for 360 min resulted in a complete disinfection, since no E. coli cells adhered to the tracheal organ (Fig. 4a, b) . On the other hand, formalin-treated tracheal explants at 0.03% concentration for 360 min, succeeded in preventing 95% of cell adherence (Fig. 4c) . The percentage was calculated by using the control explants (Fig.  4d) .
Discussion
Disinfection is part of the sanitation procedures, and resistance to disinfectants may be of prime importance, more than pathogenicity itself, in determining the relative prominence of an organism as an agent responsible for nosocomial infections (Sagripanti et al., 1997) . The results clearly indicate that the efficiency of the disinfectant depends on concentration of the compound and the exposure time. Gasparini et al. (1995) found that slight increases in Virkon-S concentration greatly reduced the contact time needed to inactivate the microorganism.
Formalin concentrations of 0.6, 1.25, 2.5 and 5% showed the efficiency to kill all E. coli serotypes O114:KϪ, O86, O86:K60, and O55:K39 in 5 min. Amer (1987) reported that an exposure time of less than 2 h is sufficient for the disinfection of contaminated surfaces when 5% formalin concentration is used. On the other hand, KA-Oud (1986) found that 1% formalin concentration failed to produce its germicidal action on the pathogenic E. coli within 30 min, but that 5% completely irradicated E. coli within the same period. Virkon-S at concentrations of 0.5 and 1% were effective in killing E. coli serotypes O114 : KϪ, O86, O86:K60, and O55:K39 within 5 min. As the Virkon-S concentration decreased, an increase in exposure time was required. This agrees with Broadley et al. (1993) , who reported that 2% Virkon-S produced a maximum reduction against Mycobacterium avium after 30 min of exposure, where further reduction in viability was obtained by increasing the time from 30 to 120 min. Coates and Wilson (1992) mentioned that Virkon-S at 1% (w/v) had a marked bactericidal action on nonsporulating bacteria. Gasparini et al. (1995) found that Virkon-S at a concentration of 1% had a bactericidal action against Staphylococcus aureus, Pseudomonas aeruginosa, and E. coli.
Although formalin recorded the highest percentage of inhibition among the three disinfectants used in these experiments against the four tested serotypes, the inhibition percentage for formalin added at zero time was slightly higher than that added to log phase culture. On the other hand, Virkon-S and TH4ϩ both showed a better inhibitory effect when added with inoculum at zero time. One exception to this is TH4ϩ when added to O114:KϪ serotype culture, where a slight difference was recorded for the inhibitory effect.
E. coli cells that may lose their viability on using a disinfectant concentration undergo phenotypic, biochemical, or structural changes to adapt themselves to grow in drug and continuing multiplication (Hugo and Bloomfield, 1971) . The microbial population of the res- piratory tract is proportional to the relative abilities of individual species of bacteria to attach to the epithelial cells of this region. Although formalin did not greatly change cell morphology, it affected piliation, which is a significant virulence factor of E. coli associated with colisepticemia. This was further confirmed by testing the adherence of E. coli O55:K39 serotype to tracheal explants, which proved the efficiency of using formalin as a disinfectant in poultry farms. Aucken and Pitt (1998) found that the only positive association for the dominant clinical Serratia marcescens serotype O14:K14 was related to adherence. They indicated the importance of the initial colonization of the host as a prerequest for the establishment of infection. So the ability of E. coli O55:K39 to colonize and infect poultry could be readily explained by a greater ability to adhere to host cells.
E. coli O55:K39 serotype cells treated with TH4ϩ showed marked morphological changes. A destruction of cell wall and cell surface membrane occurred when cells were treated with 0.03% TH4ϩ for 5 min. Swallowing, which may contribute to the weak point in cell wall structure, was also noticed at this concentration. Cell filamentation was observed when the exposure time to this concentration increased to 15 min. A further increase in exposure time to 60 min resulted in extensive filamentation, which in Gram-negative rods is usually followed by a delay in septum formation and in cell division (Guan and Burnham, 1992) . A similar effect was observed when E. coli was exposed to cryptolepine (Sawer et al., 1995) . Penicillin also at a sub-MIC dose could inhibit septum formation in E. coli and led to filament formation (Lorian and Gemmell, 1986) . Chlorotetracycline is thought to interfere with bacterial membranes' electrochemical gradient, which led to the stimulation of autolytic enzyme activity and cellular lysis. The filamentation induced by tetracycline before lysis could have been caused by a direct inhibitory action on DNA synthesis, as explained by Oliva et al. (1992) .
Virkon-S showed no great changes, except that less pili were observed. Spheroplast formation was the common observable feature at 0.125% when E. coli O55:K39 cells were treated for 60 min. These changes may have been caused by the selective inactivation of different proteins of a peptidoglycan synthesizing system (Reynolds, 1985) .
The formalin-treated cells seem to be intact, and few pili are still attached to them. This may be supportive of formalin inhibiting the newly synthesized protein instead of the hydrolysis of the ready-made protein. Because of the results from the in vitro adherence assay, it was concluded that pili on E. coli are involved in the attachment of this bacterium to the mucosal surface of the trachea. The role of pili in the in vivo attachment is currently under investigation.
